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Dear Ms* Small i 

i 

We located the you vanned 

specification. The claims for the OfeP are those filed after 
the initial filing. Similarly, the Ab«trapt *&* filed after 
the initial filing* vThue P we are fixing herevlth pagee 
1-18 only. If you w*$t the oth$*::.pa^e* , pleatie call me, 
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NOTE: I hope this Is the case you wilted 
SN and inventof* tie could bav* 
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MR IMAG1MS 



Ot>, 3D IMJfcGI»*4 METHOD . ftHO MRI-. S<S#KM ' ' 

AWLABLEicOPY 



BACKGROUND OF TH^- II^EiflCW . ;.»:-:'_'.;. 

'' ' The present jin**«j|$oft relate^ta*^ Hft ^agn^ic Resonance) imaging 
inethod; a 3D- (Thre9-Ql*«to^ ]Ma;g^tic Resonance. 

Imaging) syatefc, aft*!^* ttca.Uy to an M| ; tima^n^^th9C$, a 3D imaging 



method, andah MRi ay»t:^i^ch of which 4<j capafcie of : eup^eaeihg thfc adverse 
effect of residual a»gb.|ti8eti©n eau8«a by jan an^ oda ordar. 

FIG. I is a: diagri showing ona^xamp^ of a palae sequence for a 
3D' scan,, which i* . eaacujied in ' an __^^yif • . . ;.• '• V 

I<i- : -..ti»a.; puis*'.' ^i^i^*^^^ c^|0: : i|>i aan^ied tshiia an imaging:, region 
is being' excited '^lU'M^^^ * * w ^|?°^?* aKia.^aa.SL^ , 

encoding in a YD2 ipa«li laihg/^f^d by s;Y-d^acUon;pV*«» a*ia pulse 
>Ey and a z-dijiactjic4>>h|aa a*ia ^ ptil»a>i;:« f - an<i truancy encoding is being 
carried out in an';X dirfftion by a ^ad^iixis jpulaa.to. Finally /rewinding 



in a YZ space is car«?i*|i but by a 
z-direction phase axisj RWx. ythia 

YZ apace :is being -e^tttffcft- |n order;.*©'-** 
a repetition time, , - t *,/.■. -ti '■: 



ection phase aiti* pulse. RWy and a 
is repeated while encoding in the 
*q fi£l a T$rK space .' .-.-Tr indicates 



'. Loci -«t >datfa pfciivts ,on a K space 
which the encoding in -&ey *Z 9p»ca>: la- 



whi$j* are cauiaed by the order in 
changed, *** called trajectories . 
in general* the EUiptf|a|:Centr^V>^ Ordering ha* been adopted for the 
trajectories in the'v^aW^ 
ordering" i* h«r»inaf i^|tapreeen:iad,^s- "E^O"^ 

FIG. 2 is a conceptual' diagraV^ ba3 * d on thc 

ECVO. 

In the ECVO/ encoding is carried Jut in orde? of decreasing distances 
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from the center Cy*. e-f'.ej jfi>K apace. Nanely, .e^codfr : ppinta to s wh!ch Serial 
numbers n" through ^«ff**« assigned, a ;tm •needed ^h.dide? of their aerial 
numbers in the Y£~K space shown ' itti^iG. 2 ta|-th4i^hy perform a 3D scan. 

Incidentally, \the.;ifcCVO •h««...i^ni Jil«ac4t^e<i;v*:l l . "Performance of an 
Elliptical Cei*trijsi V|ep|brder. fdr;j|ii^l Jtts^qMiMfc and Motion Artifact 
Suppression in Brjeaf h>i4id ''Thrtf *Bi(i»iiii4ona||Gra^ikent fccho Imaging : Alan 
H. Wiiman, Stephen :^,;i|«^rer: '.MTOt :?*: 19^0T{t?$i)^ 

In an MRI •ayst!emj,|pirticulatiy» v * pari|^^nt'^i«agnat HRI system, the 
polarity of;: reaidiial M#*ti»atioa * magnetic": materiel ia inverted due 
to the hy^tereai* cha ra$teristic el thja ma^tie Material each time the 
polarity o£ a' gradient magnetic ^if^Avitit ^ftftfcsed.. This appears on ah MR 



image as>n artifact 



thtfa/ the nutober of ■ tiihes thajt th4i polarity of the 
gradient-; il»gneti«.[^#^|^« invette^rtiay pf$fer*bly be , reduced. '. 

However, according to i -the encode ^jrderi employed in the conventional 
example shown in PJG.' ; ;2« ?th* number of .times tjjfct the; polarity Of a gradient 
magnetic field oh ot ^ afefcu* a y-di#i»«i*on ^|?e aiti»oia inverted, is 35, 

■ v •;; : .■* ;-|c V :-'':'i.r- gft - • ' ; 

and the number of times £bat the .p^a*Uy- off* ^gradient magnetic field on 
ox about * Z-disedfciMl^ae.. Jurti^g^:* -elf* .l*;. . : .V***1r*?*y* the. number, 
of the "polarity J.hy**^|(4»: ' in 
that the adyirte' re«id^«.l,.i^i.gnet^4tion; U considerable.. ; 
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S.UMWRY OF ! THE 

V Therefore, e^.:io»j^|t of ' thes^tetent ^.nyentioi» i« to provide an MR 
imaging method, a m iito^ng method; and an |ri iyatem. each of which is 
capable of suppressing' |jie adverse effect pf $ ^esi^iialiRagnetiiation caused 

by an encode order . 

In a firat aspect r Uhe present invention provides an MR imaging method 
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of encoding .-». K space *&ifcto fill >b«>ii.me wtth orthogonal two directions 



aa phase axes, cQmplisiog etepe\.Q.f 



consider At ion • bt •«litk4<^i;|rp»; t.Ni center |i ..th# K . :*pa&* individual 



encode points |^.ex^i$hg quadrants 



it-) 



determined encode^' ordefj! -. . 

' In the HR imagiig; iethod acc;4*d>J[fo -to .^e ' £iJsM;aipdid)C f th* 'encode 



order' La d*termln^ in |^»n8ideration of 



determining an encode order in 



iirid encpdtftflf the /KXjfpace in the 



the ':jdistahce,« £rop»: the center of 

' '• '•■■'.'• '''' "? 'V .'• /' . 
the .K'.epese f.«i»d.. the j*6.^*-p$iftt -..^atle^. ^dr*ftss H 1 *^^'^!*-^!* 4 "' 

the encode order *dcOxdll|^: toXoftiyj'^ ; .f*iete^B:4|#» th*j Renter thereof . 
the reason tthy .jth*: *iajl*|&ta a*e.h0fr>.t**f**' ift^^c^jiideiiiittn '.ie that even 
if different encode point* in th#' at^J^^ie^^^'^pded^iii succession, 
the polarities" of ; gradient; «^ .phase axes in 

the orthogonal two ^4^?$^^ are not iiv»erted^ ?hiis# the. number of times 
that vthe polarity oi.;ihe|;#adjLent 'i^ghetic. tield^e inverted, ia reduced 

.as compared with.. thev^G^p ..ordty^M^ne^ace^di^g . t<j, .the- distances • 
alone* ahd hence the ;«d|(erse ef f re s^a^si^e Ration can be. 

; restrained n : [ ; ■(■; »J; i'S'''- ,• ... ' ^i-tl 

/ :?;jn:a;»«eond4^e : 4#^ pi*^^^^'U^r*^l^*« «.n**. j^*M*« * ethod 

:-6f,ehc^dlttd.:a> »p*^« : |iJid'"fUX4^f«itt»« w«|h \^i&jjDhe^^ 
aa'. phaae : :aHea./. c6^|^||«i|the •tep^>C-jde«ujUg > *| -> : 4)-' an<5<^« Points as 



a first segment in C-edfcl of decreasing . dietancea, t^e /]c^hter of the 

K apace/-- na^it ,jde.iiniig'|2Unco<>i *" S B ?^ d ^?™?" t in ordet ot 

decreasing distance*' f a&# tfce .cen&*$ t ; ^h*-,?*** epace, .and similarly 
performing aeg^arisi & the. 

'.encode points of a flrst;:^^^ 'decreeing 
distances fro» the ««n^r of the K;.ap*ee r next aaaignirig serial numbers 
to the encode point* of a aecond quadrnht thereih in order, of decreasing 



lit 
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distances £rom..tft«' <f^it«r .of the ^prfjam,;. nfjt *a*igning Serial numbers 

to the encode point* pl.ifi /third. quadra* t thejtein in order of decreasing 

• 5 : " 'I- •' •"" - •% '■■ ■ ■ .-. 

distances from- the c'tofc**.©t-.the-K space, .end na.xt a««i^ing;.3f?ial:.nuYnb>r^. 

••' . J f. "f; ' • _ '.i- '-. ' '•. , i •;' ' : 

to the •npp4^. i ^int#.64r : ''t 6urth - , * lk ** t * ,lt ' th«jtein:in ;ord** ot decreasing 

distances f row *h| cen*e# of the K space; and next aapigni.ng/s.orial numbers 
to the encode points orjA jfitst qttj*d*Mt in :|he : ; second segment ' in . order 
of decreasing distances <f|on the center oi the Kvepace, next assigning sarial 
numbers to theencod*pdi|||# fef a second «^a/irant^herein inorder of decreasing 
distances from the ^een*#reof the K .space, nj&t aeeicning aerial numbers 
to the encode points of Im ^third quadrat t therein in order ot decreasing 
distance* from the cental of the K splice, and jj^xt^e^ie^in^eriaa.nuabere- 
to the encode points .©£ • fourth qu*dfee*t • th^ein^i^o^"** •«* decreasing 
• distances ..f|o»- the c^t||p>f..the^^|P#»» : aft^ ei^laxly asaigning aerial 



lumbers subsequently/ fl ig^©Odt»av i*e> -\{ apai 

serial numbers to '.th^rk4y?'poilect • data s - 

in the MR ii^gingi iifts^hod aecofdintf to ||e second asp|c.t f the encode 
points at which the distances f*oni;iith.e-:.cente| •of- ,: : : th*. K 'spacee,. fall 'within 
predetermined rangea^;ar« brought into B^^nt|ftati<>n; r in sue* each segment , 
priority ^given. th^|£djrr#sp©n3$«* l^uedr^t in which; the encode points 
exist, and an encode 1 :o.rw*fis deteriiihe^ according; to the distances in the 
.' aame';qua<Ji?'attti- ,.«^L^^I>hy; priority is g£ven t-0 the quadranty is that 
evenif dif r^rent ^nc^e^ints in th* m 

the polarities ot gre^i|^ht: mignetle: f|olda o^;>bX)Ut the phase axes in 
the orthogonal two directions are o^t le vertejjl . thus* theshuiftber of. times 
that the^ -polarity ,bf : t|l ; gradient iftjigniOtic field is inverted, is reduced 
as compared with the! et&ode order determine 4 according tp the distances 
alone, and hence the adverse effect oi residual magnetization can be 



in order of the determined 
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wherein in the MR ii 



In a third a8pec^|h* prea«nt^ method 

hod epnji&r'uqt ed 4£pve> t ha o rder of the .second, 
third* fourth and. f irsfgn|Bid^^ fi&UJr^/.-.f ix,st . 

.and. aecond..4.uad*ant:4.T<^ oAccind and third, 

quadrants is used . ift '-p lips'* of the '' : '&rd*.;c_ of the fjiitatj: second, third and 
foutth. quadrants . 

In the MR imaging l*athod a ccordi'iig\ .« © t he.^h i r d aspect 4 since a circling 
or turning 6rd»r , : t^ij^';*»*n If **UK>d|ing i*. a tfctteei from >hy; quadrant. 



the nomber of time* thai tb« jpolarity <>f a g 



IV' . 

can be reduced and hence the adverse «f 
be restrained. v-:. ''.'•>'.••;'• 

In a fourth 



[radian* inajjrte£ic f ifeleiia inverted, 
ect of residual magnetization can 



#ap4«t/i!'ttyi preaen.ti;in^!ntio^^rb : yide'a.an MR imaging method 
«her*in in the MR JU»gi n$i*t hod «©n^r4>d/ted ajjkye^.th.e order 'of the fourth, 

Ord««':.of ;-:the third!* i.ajfecahd,' 'first 
aeco|(d, first, i^ifth «id third 
quadrants, or th* order of the fir«t, ^fourth^ third and second quadrants 
is used in plfflceof'the-order of the first* 



third, aacond aftd jUr;*|sflaad^ 

and fourth quadrant*. / order of the 



»«co4& thitd and fourth quadrants 



tuimina direction iVt*lt^^n xmWtVy .t.lf* number ofc>inwl?' tfc'at th* polarity 
of a gradient magnetic £ .'|e4 is inv©rt*d^ 



effect of residual jnAgl^ti rat ion can t« au^reift#4 



In a fifth aftp*otfr ( |h| present invent ion^rovldea an Mft imaging method 
wherein Nl k 12 in ^e above, 

In the MR ime$intt£*$th^^ the 
number of encode point* ^ijlt f or a first Moment £nd placed in the $ame quadrant 
is three* the number of turned that the po 



can bi^reduce^;ind henefe the adverse 



aritj^i of a gradient magnetic field 
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is inverted* can b^rpefltf^ed as compared 



copy ■ 

*ith the conventional example {in 



which the number of encf^e points in tb* 
the adverse effect o£ r |*eidual nwnja^ti^tion 
. in a sixth aspAct^ feh* present invention 
for 3D^scanning an ima9|i|^^: region 
Y and Z direction* a» ph*S0 axes, comprising 
encode qrde* in coneidet Jtion of die.tancias 
to individual encode poitote and existing 
space in tha determir»d -encode ortfir ':':t<|> 
In the 3D imagift^ toefchod accdtdihij 



order ia determined in je*tt»idereti6n of 
the YZ-K Apace and th« .eBdodte-point existiing 
the encode order according to only tav« 



tefcon 



The reason why the: quto^l|^h«« are no* 
if different encode pai**fl in tha saft« 
. the polarities of gra^ejNfc magnetic fie Ice 

axis and 2-direction pftaU* ax.i*' ate Apt iflverte^ 



that the polarity; of .tht^gredient magnetic 
as compared' with ikha engage order 
alone, and hence the. i a«l^e|ae:'...eff .:^|: 
..suppressed..;' \ .. ■ ' > 

In* seventh aia^eo i| ihe present 
for 3D- scanning an inM^^ig. region With 
Y and fc directions as pheae axes, cotapjt 
encode points as a fir.et ^segment in^rdefc 
center of a YZ-K space ,-jii<6*t defining N2 
in order of decreasing distances from the c#nt 



iSn:MS>NliM^a]lW6£:M:6S00ll^lVOi61/Z39Vd 



sam<S quadrant is one) , and hence 
can be suppressed, 
provides a 3D imaging method 
in X ^.rection as a jce-ad axis and 
the steps of determining an 
f qdjiti tbje center of a ^2*K space 
qua^|$anta, and encoding the 
thetiby perforin a 3D scan, 
to fcfte ei*th aspect* encpde 
*ba .rtlat^9<ia\£roai tfc>e center of 
qjuadrants Without determining 
diatancea fltpsn the center thereof . 

into c0nsi<Sier#1tioh is that even 
quadrant are encoded in succession, 



on abo*t'the Y-dir*cti6n phaae 



thus/ the number of times 
field ia ihyeTt«d# is reduced 
determines* according £o thfc distances 
resi^pal magnetization can be 



invjenti©^ proyid*^ a 3fi imaging method 
an X ;'4ire#tion .as .'a .'.read axis and 
-sjaing'^ie ,#.t«^« of .defining Nl <>4) 
Of diicreftsing dtstartces from the 
encode points as a second segment 
er of the YZ-K apace and similarly 
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performing •ae^«ti*atiijis > '? subsequently; assigning *erial numbers to the 
encode points o£> kfcil ^ed*ent' ^n'.th^-.lfi»»t|»g»*h« i»o*d*r.*f deciraaeing 
distance ttoa ttw'-'c^tajr .of th* Y^:»|>ace, |^xt]*^*l«fti«sr .f munbers 
■to th« •nq«4a.^o^h\avo)5],V.MCona:^dS<i|it t^rertn'ih ioroW of decreasing 

• distances irom t^\..?'^|r:;of^ th« ^ : |y|C^»>fl<!» f |(«>t. : .f Js«ri*^. numbers 
to the encode pointa^ <|ff a' third qi#ad><iht therein in :prder of decreasing 
distance* fro* the^nt*| : o£ the Y^tfi^ca, anldinext assign^aeri.** huxnbers 
to the eh6ode points.- d^\fourth. ^»dic»nt. *&r*& l*; decreasing 
distances £rc^ thp cehtftl o« the Yl^wwr assigning aerial nunibers 
: to the- enetode pojints; ©| a', first '^a^nit ^itf.ip*- a*«aient in order 

• 0 t decreasing ; distaff. ; from the of .J$e • spacer .-next assigning 
serial ^^ers. to'^^eode poin$»-;bf; a . ea^nd.^draa^ therein in order 
of deerea-ihg; dist^||;.^roin; the . of tfce .^^^c^M^i^in^ ' 

v serial. nunbar a to *h* j|ieode pointa oi a ti*rd quadrant therein in order 
of decreasing diitahtealf *o» the c^W^f tbf VZ-| ; apac>r iancj fte*t . assigning 
serial hungers tU the ^code pqitvfea; a £o|hh iqUadrant therein ih order 
of .dec*ea»in0 .dUti4c|^|rom the : ||^>r"6£;J|he. Yt-K spacjj* and similarly 

and encoding tlwj YZ-K wpace in order 



. assigning serial. ni^e$» subsequently, 

of the aaa^ned; ^fl^h^ers'. to;.thireby^er£^«ni^ 3p -acfch 



in the 3D iiMrdin^*thod accordiiig to.*he seventh assist, the encode 



points at which the diaiances ttdmmtMje 



eeht^&of . the '' : Y'i»K apart* ■fall within 



predetermined range*, ^bt^ti^^^^ * n8 « ch each segment , 

quadrant "in Which the encode points 
exist; and ait. eftcj^'^i^' i*'a«'t^^ acc|>rdih« to the distances in the 



aame,quadran^ v ;ihe;re|apn why priority i^given to the quadrant is that 



A 



even if different ehcodeipoints in the same quadrant ate continuously encoded, 
the poUritias of gradient magna tic. til Ida on or about the Y>direction phase 
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axia artd Z-directiqin phase' axle ar$ not.Att|erte#> .Thua/ the nuinber of times 
that the polarity 6f th«^ gradient is reduced 

as compared with tha-'ani$dtt order ditattftined according tp the distances 




©effect of 



residual reagnetizatiop can be 



alone, and hence the 
suppressed - 

In an eighth 4sp«6t;>ft»ie present inve ntion pro^idee a 3D imaging method 
wherein in the imaging n*£hpd constructed abo?**, the ord£r of the second, 
third, fourth and .ficat j«|j>|dr*ftt -a, -.%»^fcd«r%^ the third, fourth, first 
and second quadrants* 04$$* order oi . th« fourth/ £ir#t^ second and third 
'quadrants :i.s • used /inj.p^Ji*f.of the o?der of th* first, yee*©nd, third and 
• fourth quadrant a * .;" \ ^ . 
in the 3D iroa^ifc$ 

or turning ojrdejr ija : ttfi^if *v*n i£ encc^ijng l^e tasted from any quadrant, 
the nuii^er of t inves thktjt^f ^la jrity a fl**die|| ina^et ic-f ie Jd is inverted, 
can bfc reduced and he)ic« tha adveraa affect of residual magnetization can 
be restrained. . 



In « ninth; aspect,; jtjpe present Invention provides a 3D imaging method 
wherein in the sbiMgto^^thod-6^^^#^ the or d^r of the fourth, 

thirds' .«*towd ajid ifitit^tdr^ the third, second, first 

and. fourth quadrant^,.; tjHig border of; the second, first, fburth and third 
quadrant*/ or the ojrd«r|*f|the .fire*, f «»urth/lthird and second quadrants 
is used in place of the ar<jl*r of the f irat, aecond, third and fourth quadrants. 

In. the 3D imaging aw t hod according to-jthe .ninth aspee-t., even if a 
turning direction Aa-takef* .jin reverse^ this nun0j4r of tii|es that the polarity 
of a gradient magnetic f i&fcdis inverted/ <:an be reduced and hen?e the adverse 
effect of residual magr epilation can bii suppressed. : 

In a tenth aspect/ the present invention provides a 3p.imaging method 
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wherein Nl a 12 in the 3t) imaging method constructed above. 

In the 30 isaa^in^ Mthbd acctiirdi«[$ to^he! tenth aspect, since the 
number of encqd6p0int* [^ipi * tit*% fcegitent ^dpla^d in the s&me quadrant 
Lb thre6, the number tih * t p^Iiirityfof a gradient ma$net;fcc field, 
is inverted, can r«dt^ (in 
which the hiimb*r ^£ - *ftciEaJi» -'point a. ffl fch<i sami^quiilxftitt ; is: one )• , and hence 
the adverse ef fe<$|t pi; r|jsidttal taaflii*^ . pan avpppwaaed. 

in an eleventh aa|>4ct, the p^*jf^i invention provide* ah MHI system 
for encoding a fc *p*ce ;afjM to fiii the *tme with brthqfgonal two direction* 

... • :• • ■ ■ 

; as phaae am- to t^ffil^Jigaftia&t cUttfe, e^iprisi|jg «r»*:ode order set ting means 
for setting ah erieod#>pje||e|r. in eonaifi|#r<ition df distances ifrom the center 

of the K spaces to inaiy:M*41 *ncode point* ..antt \a^atii#a##dr^e> and wherein 
the K apace ia encoded ; inethe set^nci©<»*. o4ta*.'te. .thereby,; collect data. 
*: .-:•'«■ ii» the MRI ayateqj .^ocording .. **1#« ft !*; ' ch * MR imaging 

■ method • according "toi th^*4*** . aapefit -.den avj.|ta>ly. executed,.;. .; 

•• : in a' twelfth a.^l't'l the pteient; invent ian provide* .an MRt eystem 
wherein in the MRI sy»t#f ^onstxact^d aa dafl^|ibad above r the encode order 
setting m*ans include* a^entirino;i^a>l» for.; ; ||ef4-.nih»-.m'(>4K. encode points 
as. a firet aeg^an* i&bfrjte? of decra^»i^:«iis|anci* f*6m the centfer of the . 
K space,: .next ; da{&Ujj|tt- encode PPiht* as "* second segment in order of 

• decreaainjg di^tancea f^-|he:cente* of the K fp>c«r. : a.ri'a:'s:iihi:lari.;y pet forming . 
segment izatibn subBequeatly, and ae^al'numbe^aaai^nin^ means for assigning 
serial. numbers toithe^b** points;©* a first^ad|«ftt;in. t*f first segment 
in order of decreaiingjdiatances frofethe ?ente« of the K space, next assigning 
serial numbers to the ficode po'int;^ ftl;^ eeo&nd quadrant therein in order 



of decreasing distance* f r*ro the center o f tha;K a.P*e«> next assigning aerial 
numbara to the encode poiita of a third quadrant therein in order of decreasing 
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and next assigning serial numbers 



in ■■• . ff '•. ' • 

WNMOOOM ; .]•'[ V 

distance from the cent*** of the K efcace, 

to the encode poijnti t of fourth quadfcfnt therein in order of decreasing 
diatancea f ron^c th* cafttjip of the K ftp4<?#; *nd text **5igning aerial: numbers 



f the K, apace, next assigning serial 



to the encodte points ' ojfMtf first quadrant in the second segment in order 
of decreasing distanc*|||*^ the cent4* ol 
numbers to the encode pblbft&cf a second quidranfethetein in o*dei <?f decreasing 
distsnces from the c«ntjl&'Of the K spate/ next ^ assigning^ 4*riai'. . numbers, 
to the encode points of* a third quadrAnt therein in order of decreasing 
distances from the cefttjeir of the K space, and i^ext assigning serial numbers 
to the encode poi^nt* o^;W, fourth quadrant therein in order of decreasing 
distances from the center of the K space, and similarly assigning serial 



numbers subsequently. 1 K ; 

The MR imaging method according 



1oe executed in the Iffcl isyetem ecC$;tdi^g to th* twelfth aspect; 

la 6 thirteenth **pe,ct, the present inir6ntioirt provides an MRI system 



for 3D-dcanning an imife&ng region with 



Y 'and 2 directions ias |^ase axes/ comjptislii^ encode order aettihg means 
for deteatmijnilng aA eft^^|/CMfder in consideration of distance* f jrom the center 
Of a Y2*-K typace to indiiyi* 1 *! encfiKi*; ^ointsi ;>am* existing quadrant s, and 



wheiein the YZ-K *pac^ la encoded in the 



a 3D scan. 



I A 



executed in the MRI' s^tefii according l;o th* thirteenth aspect. 

,In a fourteenth a expect, the prcae^t iny£nU«>n provide* an MRI system 
wherein in the MRI ey ate* constructed above, ihe encode order setting means 
includes segmentizing raesivs for defining Nl J>4) encode points as a first 
segment in order of decxaaaing distance* from; the center of the YZ-K space, 



IP 



to the. second aspect can suitably 



an X! direction a* a feed axis and 



set encode ox^er to thereby perform 



"The MR imaging a^^hpd . according to the sixth aspect can suitably be 



11 
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next defining N2 encode ^bijnts aa a ftecond se&fcierit in order 6f decreasing 



cLiatancea from thfe eentiij^ of the Yi^JC Jipace^J&rtd similarly performing 

Qegmerttization^ubeeqaenily/ and serial hi^ftrjas signing means for assigning 

O • v •• ' • • •-. - " ■" " /: ." : " ' • • 

^serial number 3 to the>n^fd0 points Of * f|iirst quadrant in the iirst segment 

QT)in order of decreaaihg iliatancea f rOro tlxe center of the. Y2-|K space, next 
^assigning aerial nurober^ *0 the encode pointa of a second quadrant therein 
^ in o*d*r of decre^^ing diatanc^a f rem tl 

fa- assigning serial nun^re ; to the encode ploints of a third quadrant therein 

CO " • ; 1 , " : i ■ ' ' /' ' V y ' *' ; : • , ': 

%U in order of decreasing distances firom th* center of the YZ-K space/ and 

flQ * ■: r • k-.. 



ie center of tb*,Y3-K space, next 



next assignirtg aerial 



therein in order of decr^o^Lng distances 
and next assigning serial numbers to the 



era to the ercode joints of k fourth quadrant 



from the center of the YS^K space; 
encode points of a first quadrant 



in the second segment ih^ofcder of decreasing distaJi^^ of 
the YZ^K space, next a^Aigning serial rumbeirs t& the encode points of a 
second quadrant therein An order of deci:eaaing distances from the center 
of the YZ-K space, n^Kt| ^ points of 

a third quadrant fchfejjr^l^|i1l' : order 'of decreasing distances from the center 
of the YZ-K space,, ari4 ^*xt assigning sttxial humbeis to the encode points 
of a fourth c(Ua4rant theu^in in order $f decreasing distaRces f rom the center 
of the Y2-K *pace, and siadlarly assigning «|irial riuwb^jrs subsequently. 
The MR imaging ntet^od according ti> the seventh aspect can suitably 



be executed in the MRlleyitem according to the fourteenth aspect. 

; In a fifteenth aspect , the present invention provides an MRI system 
wherein in the MRt £y$tjB^(fc eonstruciW Above, ; the ierial number assigning 
means sets the or<fer;0(f ^ie second, t hi tjd arid: /fourth arid first quadrants, 
the order Of; the third, fourth, first -ihd second Quadrants, or the order 
of the fourth, first, second and third quadrants in place of the order of 
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the first, second^ thi||t? and fourth qupdrants 



The MR imaging nrnfchbd according to 



methbd according t;o the Eighth 6^j>tet : c^fj ;'du||abiy ^ ex^cut^d in the MRI 
systeirt a0cc>i:ding to t^t;*J!ift©enth;« 



the third aspect and the 3D imaging 



In a sixteenth' as^ct, ths presen^ invention provides an MRI system 
wherein in the MRI -ayst^sjp Constructed a^ove^ the serial nunib^r assigning 
means seta the order of the fourth, third and .second and first quadrants, 
the order ot the third, second, first and fourth quadrants/ the order of 
the second, firet, iopttfa and third qu«drant| or the order of the first, 
fourth/ third and second (ju^dr ants inplad:* of %$b order of the first, second, 
third and fourth qu*drf|t|i. 

The MR in^ging m^t|l^a to Ithe fourth aspect amd the 3D imaging 

method accordihg to , the jpinth aspect cen Bui^abiy be executed in the MRI 
system according to the ■ sixteenth aflpecti 



In a seventeenth aspect, the present indention provides an MRI system 



wherein Nl & 12 in the 



systenx con*l:ructed above. 



the MR imaging met&Tted according to 



method according to th^Mhth aspect csjn suifeably'be executed in the MRI 
system according to-' thii|;aeventeenth' a*pect*.| v 



the fifth aspect and the 3D imaging 



According to the MR imaging methoc 



of the present invention f fche adverse effect of residual magnetization caused 



by encode ordering carii^e restrained, 

Further objects Knf^Jfvantage* of trie preaent invention will be apparent 
from the following d^icriptiori of th^preirerre^embc^iments of the invention 



as illustrated in th$ accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



12 



9 3D i^giA^ method and MRI system 
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51. "i 



FIG-. 1 is a ai^gc44"i 11UatJE ? atin ^ * pu-14* aeqv^npe for a 3D ficArt by 



way of example. 



.(-%. FIG; 2 is a coi*eep1&al diagram showing an BdVO-based encode order* 

O • • -\ y •• • ±)r • - ' 

O fig . 3 is a btopH. dfigram of an HRI ^yetei&jaccosding to one embodiment 

m' ' ■ ''''••' v i 1 

-J of the present invention* 

CO ■ * 



FIG; 4 is a JlC?wcj|a|?t showing a 3t} imaging process employed in the 



^ one embodiment of ' ! -th|a; pJr^Msnt ihv«ntio*i : i 



. FIG. S is a coneepitfal diagram showing encode points in a YZ-k space. 

fig; 6 is a 4iagra*i for deactil&ii^ en<^e points in a first group 

CD v 
and their serial nwabeiia. 



FlGi 1 is a diagraujvfbr describing 
'and their s*r.ial AUBps^^y- 

FIG. $ is a d^i^gtaiia' f or describing 
a>vd thai* serial hun*M»ra;, 



encode points up to a second group 
encode points up to a third group 



DBTAIWEp DESCRIPTION, X^, 

The present inv*nt£k£will 
in accordance with lill|sjtieated embodiments 

FIG. 3 is a^bijpt^^Jragram showing 
embodiment of the presettt inventio^. 

In the present i^j^yatem XOOj + tojfrpmt 



..for' inserting a- saii^i^.|fciia%elnsideVr-'A' 

." '.' • :,; •• . •;>• T Vf.fo ; j : ; •.• , ■ . .-. . 

applying a predeteriBin«d;; static magnetic 

?• : - :■ ' * • •'•/;•• t**'t •'•■ ••"' 

Or slope magnetic field? ISoU lg f or, ga 



fields (in which a slice; gradient axis; 
encode gradient axis are! formed accord! 
a Y axis and a.Z axia) for the X axis, 



h»r*£naf t«*r to* deocxilwd in furtthe? details 



an aysteni abco*ding to one 



.iss©mbly 1 has a space (bore) 
&tati,ijc magnetic field coil lp for 
f i*JW ' t6 ;th* saxn^l©^ a gr*dl*nt 
ihcjratin^ gE*tdi«nt or al^pe magnetic 
a ta*d gradient aKija and a phase 
ng t&-A coinbihation of an X axis,, 
axis and Z axis, a transmitting 
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coil It for supplying &F pulse for isxciting the spin of a nucleus in 
the sample, and a : receiving, coil lr foil detecting ah NMR. signal from the 
sample are disposed iii L^e magnet . aaa«fli!>iy lso as; t© surround the space. 



a,' 

o-. 

Q 
W 

cd ■ 



The static magnetic ii£ldL coil lp, gradient magnetic field coil lg, 
transmitting coil - It artci receiving coiJ lr iie-reapecttyely Connected to 
a static magnetic 'field iafrttr ce 2 , a ; 'gxad$ent magnetic field driving circuit 
or driver 3, an. RF^pe^* ^amplif ier 4 ' and a pre-ftmpli..f4,er 5..- 

A sequence storag^ <Si-jfcuit : -6 controls or qjperate* the gradient magnetic 
field driving circuit; 3 ,.jb4««.d en a. pulse sequence stored therein in accordance 
with instructions given fcrom a computer 7 to thereby generate a gradient 
magnetic field f rojathe gradient magnetic f lel&coil ig 0f the inagnet assembly 
1. Furthar, the seque^tie ; storage eiiftfjjit operates a gate modulator 8 
to modulate * carrii**, f^lsput signal pr»dueed from an ;KF. ©aciilAtor 9 to 
a pulsated signal r*pri ; #e»ted in the f arm *t a predetermined timing and 
predetermined envelope add it to the *F power amplifier 4 as an BF pulse, 
where it is power-tampiiii«<d . • 'Tnereaf £a,e, the RF p^wer amplifier 4 applies 
the pulse to the transmuting coil It ot the";.magnet assembly 1 from which 
a deairWT imaging £*qlpb : ^a selected and excited. 

The pre-amp:iiii«i5s amplifies an inn signal, f rom the sample/ which. , 
is detected by the receding coil lr of the magnet Assembly 1, and inputs 
the amplified NMR signe|, to a phase det*ctot:- 10 .:. The .phase detector 10 
receives a carrier output signal proceed jf^om the RF, oscillator 9 as 

NMR fcignaji supplied: from the 
converter 11 i The A/ D converter 
11 converts the phaia-iitkcted analog tignajj; to digital data- and inputs 



a refer4>nc« signal, ph^se-deteotS'.the • 
preamplifier 5 ajnd s^pj?|i.*s it to an A/lb 



it to the computer 7, 



When the computer 7 3D-scans an 



14 



maging region with an X. direction 
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as a read axis and Y arid $ directions £a pitas© fck GS , .it determines an encode 
order in consideration d%:the distance* between the center of a Y2-K space 



and individual encode; pol^ti and quadrant" in which the encode points exist 



: "TV 



-and thereafter exeputes at f 3D^scan . The computer 7 reads digital data from 
Qthe A/D converter 11 and performs an image reconstructing computation on 



the digital data to thetf^y generate ail 



Q 7 takes charge of the v/h^lf control Auch 



5 

■ % 

K 

or 
u 



inputted from an oparatjion console, 12 < 

'■• • . • • - i 

A display unit 13| displays thm MR iroaga or , th* iike theraon. 

PIG, 4 i$ a flowchitt for describing a 3p imaging or shooting process 

executed by the MRl system J>00 at the time that the imaging region is 3D-scanned 

with the X direction as the read aiii^ ^nd the Y and 2 directions as the 

phase axe** 



Incidentally, Jet 



number 1 of Segment* aivi t fee number Ni of encode points consti tuting individual 



segments art set in Bdv$hce a© shown in 
3 and Ni * 12, toi e#*^le> 



In Step PI, a isfcg^nt number icouf^ter i is itiifeially set to "1' 
In St^p P2 r N.i; *n<f4de points are defined as a ith segment in order 



of decreasing diatanceaj 



the center 



for example/ twelve en^o^ points to whi«:h serial numbers through "12 



are assigned in FIG/ 6, ?a re defined as 



In Step P3, serial guttlers are assigned ^ in the first 



quadrant of the ith segm^t in order A* decreasing distances from the center 
of the YZ-K space* 'ttftaii; lv' for : a**iftple, serial numbers "1" through 



"3" are assigned to their?,: corresponding 



In Step S4, serial numbers are assigned to encode points in the second 



15 



MR linage, further, the computer, 
as the reception of information 



fl 

ft assume that thje positions of encode points, the 



FlGi 5. Mow, consider where I 



of th* YZ*K apace. 'When i *» 1, 



a first ■ aegmont 



encode points as shown in FIG. 6. 



•I 
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quadrant of the itlji segmeijit in order of decreasing distances from the center 
of the Y2-K space. When i - 1, for ekunple, ,serial numbers w 4" through 



1 € 

^ w 6" are assigned to the|£ corresponding 
Q In Step S5, ..afciiitjj tiijftb 

iJJ. 



s 

UJ 



In Stop S5, ..B**i*l tWSjtobers are Ads 
quadrant of the ith aegmept in brder of decreasing distances 9m the center 
of the Yfc-K apace, ttheri i ~ 1, £0* «^mple^|a^ri*l numbers *7" through 
"9" are assigned to theit corresponding ericoc^ pointa aa shown ih FIG. 6, 
In Step S6, sei^a! Atfifcbere are assigned to encode points in the f ourth 
quadrant of the ith ae$^|it; An order of decreasing distances from the center 
of the YS-K apace- .»h«$.'l - 1/ for exafole, \h$fnbe*s MO" through 

"12" are aaaigned t*H^4ir corresponding encode pdinjts as ;shown in PIG, 

In Stfp P7 f i chepte As made a* to R 



to be i * I, theh th? J&P imaging procejBS proceed* to Step P8* If it is 
found to >e i « I r thepfi* proceeds to Step P9* 

in Step P8, the a^ajnent nurabet counter i is incremented by 1 and the 



3D imaging process if returned to Step 



encode points to whichi fecial number* 
FIG. 7, aye defined *.© ^second segment 



*15" are ess^gned^o tiwi^br responding encode points in the; first quadrant, 
the aerial humberA ^through *18" ai[e assigned to their corresponding 
encode points in |he aec^nd quadrants t^e Serial numbers u 19" through "21' 
are assigned to theit corresponding encode points in the third quadrant, 
and the serial numbers through ^24" ]*re assigned to their corresponding 
encode points in the fourth quadrant. When i * 3, twelve encode points 
to which serial numbers "25" through "36'jare assigned in FIG. 8; are defined 



encod£ points as shown in FIG. €.. 
gned to encode points Ari the third 



whether i"» I* If it is found not 



P2. 



In the above-deacf ibed returned Steps P2|thrdugh P6, wheii i * 2, twelve 



^13" through *24" are assigned in 
i The- serial numbers "13" through 
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as a third segment J Th«e serial numbers ^25" thjjcuah *2l" are assigned to 

their cor|espori|lirtg ; ejr^<wlft points ih th« fir«t qi*adr*nt, the serial numbers 

■' • ' ■ :~ *Vi."- : ' ' -v. ' ' ■ •' ■ 

"28" through "30" sr., ie*igned to thmfix corresponding encode points in the 

^econd quadrant, th* i^xfcal numbers *3i* th,cough :^33- are assigned to their 

^corresponding encode mint a in the third qUsdraiit, a*id tha Aerial numbers 

/X^ 34 " th ^ ough " 3 *" «*«?<if*i«ned to their corresponding encode points in the 
[g fourth quadrant;. • I : 

•*S . ? n 9te P p9 ' tn * Jf*^ space is encoded in order of the assigned aerial 

. ^ • • ' ■ ■ • ' ■ ' • 

^ numbers to .carry .o^;|||; |^acan. .. ( Th«i-eaf ter, tfee 3D imaging process is 
h completed. 

U According to $h|ej; ebove-deacribid ■imif eya««ift )iob r the encode order 

is determined in consideration of the ^stances -*ro» the center Cy* of the 
Y2-K space and the #n.G©|e-rpoint exialiiuj qu^ranta" without determining the 
«ncode order actfordinsft© only the; distances from the center Cyz of the 
YZ-K space. Thereior^|:the number of times that the polarity of a gradient 
tnagheiic field is inv*#t*d,,i». reduced As compared with' the encode order 
deteraanedac6ordiiigt<i>|h« -distance* alone. ;|t is;hence possible to restrain 
■ 1 of suppress the .,adverjs£. .effect, of. . residual .^g&ti aat icfr 



y W place ofethe;:or|e^.of^hefir»^ 
in Steeps. P3 through f%|tbe serial nwiers aay beassigned order of the 
second, < ViUd> ' fourth j|nd first ^a^mts^he^itd, f ourib^tirat and 
second quadrants, ■ U |^|f our th, 'first, .second "and' third g>adrahta . 
Alternatively, the ff^i 'numbers My \» as^gn^in order of tha fourth, 
thirds second and f ir»| Quadrants; th*» thild, second,, first and fourth 
quadrants, the sicond/^irst, 'fou^th^nd tferd . quadrants, or the. first, 



fourth, third and secdiid ; quadrants . 



Many widely different embodiment^ of the invention may be configured 
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without departing froi4 fluft spirit arid the scope of the present invention. 
It should be und^rat^od| that the p*«e0it in^ntioiv ia not limited to the 
specific e^bodiin^nte d^cribed in the Specification, except as defined in 
the appended claims. = 
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